Research background: Commercial banks could affect the stability of the whole banking system due to the way they carry out their business activities. The supervision authorities play a key role in protecting banking stability by ensuring banks´ resilience to shocks, ability to recover their position in response to crisis and ultimately the supervision authorities help prevent failure of these banks. Therefore, in recent years' researchers have been trying to define conditions that could guarantee stability of banks. Purpose of the article: This paper aims to describe the methodology used to measure banking stability, namely banking stability index (BSI) and Z-score. In the first part, we present the literature review, then we try to assess the stability in the condition of the Czech Republic and Slovakia during the period 2006-2016. Methods: The BSI is constructed according to the methodology presented by Ghosh (2011), taking into account the main components, which are described by the set of financial indicators of banks. The results according to countries have showed that the tendency of development in the Czech and Slovak banking sector was the same. At the beginning of the analyzed period, the Slovak banks were more stable compared to Czech ones. Since 2009 the situation has been different, where the Czech banks could be considered as more stable compared to Slovak ones. The tendency of development of Z-score in both countries could be considered as the same, without the 2009 year, when the Czech banks significantly strengthened their capitalization, which influenced the development of Z-score. The results of correlation analysis between Z-score and BSI pointed to the fact that there was no high correlation between these two measures, therefore it is appropriate to use both methodologies for stability evaluation.
Introduction
Over the last decades, banking systems in all countries within the European Union (EU) have gone through significant changes that had an impact on the banking stability (Belas & Polach, 2011) . One of the most important changes that had impact on the stability during the last years was the deterioration in the quality of the loan portfolio, which led to a rise in credit risk (Sipko, 2014) . When we use the non-performing loans to total loans ratio (NPL ratio) as the main indicator of credit risk, we can see that the average NPL ratio in the EU countries rose from 1.8% in 2006 to a high level to 7.8% in 2014. The topic of quality of the loan portfolio has attracted more attention in recent years. Several authors, like Barr and Siems (1994) , Männasoo and Mayes (2009), or Jin et al. (2011) , assessed bank failures and tried to find out if the quality of assets was an indicator of insolvency as banks still had a high NPL value before their bankruptcy. They pointed to the fact that with increasing NPL the ability of banks to increase their performance continued to decline. In addition to credit risk, another important factor in assessing the stability of banks is performance (Cipovova & Belas, 2012; Gavurova et al., 2017) . The performance of banks in the EU countries during the last years has also declined, which is evident from the performance ratios. Based on the statistics of European central bank, the average Return on assets in the EU countries declined from 0.52% in 2007 to 0.13% in 2013, and Return on equity decreased from 10.58% in 2007 to 2. 24% in 2013. In the EU countries the banks are business entities, which have a special meaning and role in national economies Meluzin et al., 2017 Meluzin et al., , 2018a Meluzin et al., , 2018b . They represent primary financial intermediation, which creates the main channel for mobilization of domestic savings and their transformation into the main source of external capital for firms Toth & Mura, 2014) . The logical consequence of the fact that the banks have an important role in national economies in all EU countries, is the interest of researchers in the issue of performance measurement, which has been presented in many studies , Kljucnikov et al., 2017 Rahman et al., 2017; Kozubikova et al., 2017; Maci et al., 2017 , Benda-Prokeinová et al., 2017 . Banks could affect the stability of the whole system due to the way they carry out their business activities. The supervision authorities play a key role in protecting banking stability by ensuring banks´ resilience to shocks, ability to recover their position in response to the crisis, and ultimately the supervision authorities help prevent failure of these banks.
Beside credit risk and performance, other parameters that could affect the stability are liquidity, capital adequacy, currency and interest rate risk, and so on. Therefore, the objective of the current research is to evaluate the banking stability index based on methodology presented by Ghosh (2011) . The results of stability index are compared with the standard methodology used to measure the bank´s stability, namely the Z-score. We try to construct a banking stability index (BSI), taking into account the financial strength of banks and the major risks affecting them in the Czech Republic and Slovakia during the period 2006-2016. Compilation of stability index allows to follow the development within the banking system during the specified period but also to compare the stability of banks within the specified banking system. Both methodologies, Z-score and stability index, may allow policy makers and participants in the financial system to better monitor the level of stability.
The recent financial crisis affected the economies of both countries, as well as other countries worldwide, and revealed the problem of the absence of clear banking stability measures. The construction of banking stability index is highly desirable to track the stability level over time and diminish the probability of banking instability through the recognition of its sources. The novelty of the current research is that such an index is being built for both countries at the same time and the quantitative measures (BSI and Zscore) are being compared to select the appropriate model.
In this background, an attempt has been made, in this article, to develop a banking stability index for Slovak and Czech banks by way of combining some of the indicators which are important in gauging the stability of the banking sector. The paper is covered in five sections. In Section 2 we provide a brief of papers trying to measure the banking stability. In Section 3 we provide methodological aspects of constructing banking stability index and Z-score measure, and also data used in the analysis are presented. Section 4 analyses the stability in the condition of the Slovak and the Czech banking market. This section is followed by the conclusion and summary of the study in Section 5. References used in the study are given at the end of the paper.
Theoretical framework
In the condition of EU countries, the prosperous development of the national economy is based on the stable development of banks which involves a large number of multi-dimensional criteria. The choice of rating techniques applicable to the relevant banking sector is very important (Kočišo-vá & Stavárek, 2018) . Each method has its own specific features, which results in the existence of discrepancies in the results of their evaluation. For this reason, as well as due to the elimination of model risk, numerous methods are recommended in practice to evaluate the bank stability and to create a comparator base (Gavurová et al., 2017) . In general, most of the studies used two ways of bank stability measures: the first one is Z-score, while the second one is an attempt to construct the banking stability index. In some papers, the specific stability index measured through the Bankometer model is used. Most of the studies dealing with this methodology are located in the condition of Asian countries, but also some studies on the condition of European banking can be seen. Table 1 provides an overview of indicators used in these studies. In most studies dealing with bank stability assessment, the attention is concentrated on four main areas: capital adequacy, quality of assets, profitability, and liquidity. These areas are in line with so-called CAMELS methodology which is normally used for the assessment of the financial institutions´ soundness. The letters of mentioned methodology indicate five main areas: capital adequacy (C), quality of assets (A), management (M), earnings and profitability (E), liquidity (L), and sensitivity to market risk (S). Therefore, in the assessment of stability, we try to take into account indicators of their financial strength and the major risks affecting them in the Czech Republic and Slovakia during the period 2006-2016.
Methodology and data description
In this section, we try to describe the methodological process of construction of banking stability index (BSI) based on methodology presented by Ghosh (2011) . Based on the literature review in Table 1 we select four main dimensions of operations realised by the bank: capitalization, credit risk, profitability, and liquidity. Table 2 presents four main dimensions, specified indicators and their expected impact on the BSI.
Before compiling the BSI, the data must go through a process of adjustment and normalization. In the first step, indicators must be adjusted in order to lead to an increase in stability. This ensures that higher value of all individual indicators leads to improvement in bank operations in that dimension which should lead to improvement of stability. On the other hand, the decline means deterioration of bank operations and therefore the decline of bank stability. The process of adjustment is necessary in case of indicators where the negative impact is expected (Table 2 ). In case of these indicators, the reciprocal values must be taken.
As individual indicators show varying variability, they must be normalized in the second step. The normalization ensures that their values are placed on the same scale in the interval from zero to one [0; 1]. This standardization is referred to as empirical normalization. According to this normalization, each value of the indicator is compared to its limit values (minimum and maximum) during the whole analysed period, where the normalized values represent the deviation from the limit values. The main advantage of empirical normalization is that normalized values of indicators lie within a small interval which increases the effect of the indicator on the composite index. The formula that represents this method is as follows (Petrovska & Mihajlovska, 2013) :
where:
n is a normalized value of indicator i for k-th bank in period t; I i,k,t is a value of indicator i for k-th bank in period t; Min(I i ) and Max(I i ) are the minimum and maximum of the indicator i in the analysed period.
In case of dimensions where only one indicator is used the index for j-th dimension for k-th bank in period t is calculated as the normalized value of indicator i in specified dimension ( , , = , , ). In case of dimensions where m indicators are used the index for j-th dimension for k-th bank in period t is calculated as the average of normalized values of all indicators in specified dimension ( , , = ∑ , , ⁄ ). As the result of this part of procedure, four indexes for four main dimensions (d j,k,t , where j = 1, 2, 3, 4) are set up for each k-th bank in period t. Based on methodology presented by Ghosh (2011) in j-dimension space, the BSI for k-th bank in period t is given by equation (2) according to:
In other words, according to Ghosh (2011) , the BSI is the normalized Euclidean distance of the actual point from the ideal point (which is 1 that represents the higher achievement in all four dimensions). Given that the minimum and maximum values are likely to be time-varying in nature, the BSI has the flexibility to appropriately take this aspect into account. It, therefore, allows for comparing the extent of stability of a bank over the time as also relative to other banks. Taking that into account, the BSI is both dynamic and flexible.
The second methodology used to evaluate the bank stability is the standard methodology of Z-score calculation. To approximate the stability of banks, the Z-score can be used (as, for instance in Berger et al., 2009; Fiordelisi & Mare, 2014; Capraru et al., 2016) . The indicator is estimated as follows:
where: ROA k,t is the return on assets for k-th bank in period t, E k,t /TA k,t denotes the equity to total assets ratio for k-th bank in period t, T ROA σ is the standard deviation of return on assets over the full sample period (T years).
According to the Fiordelisi & Mare (2014) , the Z-score provides a measure of bank soundness as it indicates the number of standard deviations by which returns have to diminish in order to deplete the equity of a bank. A higher Z-score implies a higher degree of solvency and, therefore, it gives a direct measure of bank stability.
The stability of individual banks in the Czech and Slovak banking sector for the period since 2006 to 2016. The analysis is based on the data of domestic banks, which comprises more than 75% of total assets in 2016 in their country. The number of analysed banks from both countries in each year move from 22 to 26. In our analysis, we calculate the stability of each from analysed banks and we compare the average stability of banks in two banking sectors separately according to bank headquarters to one of the countries.
The data were collected from banks´ annual reports, where unconsolidated statements were used. The data were used to calculate financial ratios. Descriptive statistic and development of average values of all variables used in the evaluation of stability is given in Table 3 and Figure 1 .
Capitalization measures banks´ solvency and refers to the ability of a bank to meet all its debt immediately. Too low levels of this ratio point to potential failures and may indicate future banking crisis. Regulatory pressure and increased demand for higher levels of core capital, as well as the expectation of the effects of new Basel III accords, have led to the increase in quality and quantity of equity capital since 2008 (Figure 1 ). This significant increase in 2009 is more evident in the case of CR, which was followed by decrease till 2013. The level of capitalization was lower in a case of Slovak banks at the beginning of the analysed period. Since 2008 gradual increase in capitalization can be seen and since 2013 the level of capitalization is approximately the same in both countries.
The NPL ratio captures the value of loans for which the bank expects that it will have difficulty to collect. The ratio has risen significantly since 2007 in both countries, but a longer increase can be seen in the case of Czech banks. The credit risk significantly decreased during the period from 2007 to 2013 in case of Czech bank, when reached its minimum. In the case of SR, the increase is evident only till 2009, later the development can be considered as stable.
Return on equity and Return on assets are a bank profitability indicator designed to measure the efficiency in using the capital of shareholders and total assets. The decrease in return on equity and return on assets in 2009 and 2011 could be influenced by the formation of provision for nonperforming loans. In 2009, the low profitability was influenced by the global financial crisis and in the case of Slovak banks by the adoption of the euro. In 2010, the Slovak banking sector recorded a significant growth in profitability, which was influenced by the retail sector, decline in provisioning for loans and increase of interest margin from transactions with businesses. Since 2011 the development can be considered positive in both countries.
The liquidity of bank influences the bank´s ability to withstand financial shocks. It is most often assessed by the share of LATA. This indicator reflects the maturity structure of assets, and may point to excessive maturity mismatch and a need for more careful liquidity management. TLTA is also sometimes used to detect problems -a high ratio indicating potential li-quidity stress within the bank. This ratio may also reflect the loss of depositor and investor confidence in the long-term viability of the institution (Sundararajan et al., 2002) . The liquidity measured by the share of LATA significantly decreased since 2008 in the case of Slovak banks and since 2010 since Czech banks. The reason for this decrease was primarily the reduction in the volume of liquid assets, which was the result of several movements (e.g. decrease in interbank assets and a decrease in short-term loans). The ratio of TLTA indicates that the liquidity slightly decreased in case of Slovak banks. The opposite situation can be seen in the case of Czech banks, where the share of illiquid loans on the total assets slightly decrease, which increase the level of liquidity within the group of analysed banks from CR.
Results and discussion
Following the methodology described in the previous section, we evaluated the stability of all banks in the estimation set and calculated Z-score and BSI for each bank during the period 2006-2016. We pooled the crosscountry data, which allowed us to focus on determining relative differences in stability across banks. The stability was evaluated separately on the "national" and "international" level. Under the "national" approach the average Z-score and BSI for each country in the specified year were calculated as the average of estimated Z-scores and BSIs of Czech banks and Slovak banks separately. In the case of "international" approach, the average Zscores and BSIs were calculated from data of all banks in a specified year. The results are recorded in the following figures. The increase in the Zscore and BSI means an improvement of stability while the decrease denotes stability worsening.
Based on the results of Z-score the stability of whole banking sector (Average SR+ CR) decreased since 2006 to their minimum values in 2008 (Figure 2) . In this year, the level of banks´ capitalization and profitability was very low, and also the differences between analysed banks were very high. This led to the lowest values of Z-score in 2008. We can suppose that the lowest values in this year mirrored the negative effects of the financial crisis which hit the banking sectors in all EU countries. In next year the level of stability significantly increased, which was due to the increase in bank capitalization, mainly influenced by the Czech banks. This increase was followed by a decrease till 2011. Then, the development could be considered stable.
Based on the BSI slightly decrease in stability of whole banking sector (Average SR+ CR) till 2011 can be seen and then the development could be considered as stable. During the 2006-2011 period, the average value of BSI decreased. This period was characterized by a high credit risk, low profitability, and decreasing liquidity. The lowest values of indexes in this year mirrored the negative effects of the financial crisis and debt crisis which hit the banking sectors in all EU countries. During the 2011-2016 period, the development could be monitored as stable. A positive development in stability during this period was influenced mainly by the growing profitability. The stable development was also influenced by the demand for raising capital adequacy, which was related to the gradual implementation of Basel III. Another factor with the positive impact on the stability especially in a case of CR was the growth of liquidity component, which was positively affected by the development of TLTA.
In the analysis, the Z-score and BSI were calculated also separately for Czech and Slovak banking sectors for the period since 2006 to 2016, on a yearly basis. We observed no dramatic changes in the average stability according to Z-score for Slovakia during the analysed period. The results show that average Z-score in the case of Slovak banks moved from 7.07 (in 2008) to 9.04 (in 2014). In the case of CR, the maximal value (14.92) was reached in 2009, and the minimal value in 2013 (9.05). According to Zscore, we can say that the Czech banks were more stable compared to Slovak ones till 2013, then the development could be considered as comparable. According to BSI, the tendency of development could be considered as comparable during the whole analysed period. We can see a decline till 2013, when the Czech banks reached their minimum (0.2074). After that year, in the case of Czech banks, the stability started to increase, which is not evident in the case of Slovak banks. The Slovak banks reached their minimum at the end of analysed period (0.198). The maximum was reached in the case of both countries in 2007. Figure 3 displays the contributions of individual components to the BSI in the Czech and Slovak banking sector during the analysed period. The individual components in both countries showed approximately the same trajectories. Regulatory pressure, and increased demand for higher levels of core capital, as well as the expectation of the effects of new Basel III accords, have led to the increase in quality and quantity of equity capital. The significant impact of capitalization in recent years positively affected the growth of BSI mainly in the case of the Czech Republic.
The credit risk was the minor component of BSI, therefore there is no significant impact of asset quality on stability. The quality of asset positively influenced the BSI of both countries, mainly at the beginning of the ana-lysed period. After the crisis years, when the NPL ratio significantly increased, the positive impact of quality of asset was no more observed.
The major component which positively affected the stability of banks was profitability component. The share of this component on the whole index was by more than 60%. The share of profitability component on the BSI in CR during the whole analysed period was relatively stable. In the case of Slovak banks, a gradual increase of influences of the profitability component on the BSI can be seen since 2009. The reason why the profitability components had the highest impact on BSI was that the values of ROA and ROE had lower volatility (was more concentrated around the median value), and values of both indicators were skewed towards higher values. As the difference between indicators values and maximum values was not high, in the process of empirical normalization the normalized values become very high, close to one.
The final aspect of the stability is liquidity, which significantly affected the stability in both countries. The impact is more evident in the case of Slovak banks at the beginning of the analysed period and in the case of Czech banks in 2016. The reason for liquidity increase in case of Slovakia at the beginning of the analysed period was the balanced structure of liquid assets and long-term assets, and a relatively high share of LATA of analysed banks. In the case of Czech banks, the increasing importance of liquidity component in last year was positively influenced by the decreasing share of illiquid loans on total assets.
In last part of our paper, we try to compare the results of both stability measures by correlation analysis (Figure 4) . The results pointed to the fact that the correlation between these two measures is not high, as the correlation coefficient takes the value 0.2349 in case of Slovakia and 0.5892 in the case of the Czech Republic. This supports our choice of considering two alternatives measures of bank stability.
Conclusions
In the last decade there have been a number of studies which have attempted to answer the question what influence the stability of banks and thus the stability of the whole banking system. However, the results are far from being conclusive, since they depend on the period, countries analysed and methodology used. Therefore, the aim of this paper was to assess the main parameters affecting the stability of banks and we tried to construct a BSI based on methodology presented by Ghosh (2011) . The results of BSI were compared with the Z-score. We tried to construct a BSI, taking into account the financial strength of banks and the major risks in line with CAMEL methodology. The stability was evaluated for the sample of banks in the Czech Republic and Slovakia during the period 2006-2016. The individual components of the BSI in both countries showed approximately the same trajectories. As can be seen, individual components of BSI didn't have the same importance on the aggregate value of index. During the whole analysed period, the profitability component had the highest positive impact on BSI. The second component with a high impact on stability was the liquidity component. In parallel, the quality of asset and capitalization remained stable and had a relatively low stable effect on the BSI. The second presented methodology was calculation of Z-score. Based on the results of Zscore, the average stability for both countries decreased since 2006 to their minimal values in 2008. In the next year the level of stability significantly increased, which was due to significant increase in capitalization, mainly influenced by the Czech banks. This increase was followed by a decrease till 2011. Then, the development could be considered as stable. After the estimation of both stability measures, we compared the results by correlation analysis. The results support our choice of considering two alternatives measures of stability, as the correlation between them was not high.
What can be considered as the limitation of our study is that data for all banks were not available during the whole analysed period. As the bank branches are not obliged to publish unconsolidated information about their businesses in the country, we could not involve those branches into the analysis. We can suppose that the stability of these banks should not have a significant impact on the stability of whole banking sector, but on the other hand, we cannot neglect some influence of these banks. As the discussion for next research can be considered how to involve all banks in the analysis and evaluate if the outlier values of individual indicators can affect negatively the value of banking stability index and Z-score. 
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